Abstract-A multi-channel filter formed by the piezoelectric transducer (PZT)-induced phase shift in a phase-only sampled FBG is experimentally demonstrated. The PZT-induced phase shift is stable and the magnitude of the induced phase shift is contrallable. As an important application of this multichannel filter, a semiconductor optical amplifier(SOA) based multiwavelength fiber ring laser is successfully demonstrated.
INTRODUCTION
The multi-channel filter with ultra-narrow bandwidth has attracted lots of interesting in the fields such as WDM and multi-wavelength fiber laser. The filter can be easily realized by introducing a phase shift into a multi-channel fiber Bragg grating (FBG). A temporary phase shift can be introduced into a FBG by the thermal method [1] , [2] . However, the thermal method needs high temperature to attain the S phase shift. Moreover, the temperature gradient and the expansion of the NiCr wire may make the phase shift not stable. Besides the thermal method, the mechanical stretch method can also be imposed to introduce a controllable phase shift in a FBG without complex temperature control [3] . However, the strain-induced phase shift in a multi-channel FBG has not been reported.
In this study, the PZT-induced phase shift occurred in a linearly chirped 51-channel FBG is experimentally demonstrated. This induced phase shift is fairly stable and the magnitude of the induced phase shift can be controlled. As an important application of this multichannel filters, a semiconductor optical amplifier-based multi-wavelength fiber laser is successfully demonstrated. To the best of our knowledge, this is the first time to demonstrate a strain-induced phase shift on the multichannel FBG.
II. PRINCIPLE AND EXPERIMENTAL RESULTS
Principle of the proposed approach is schematically shown in Fig. 1 , where the PZT provided by the Nihon Ceramic with a size of 333 mm 3 and the maximum extension-region of 1 m P is wholly glued to the center of the phase-only sampled FBG [2] along the grating direction. When the voltage is applied on the PZT, it will be extended. The accumulated phase change of the grating is then obtained at end point of the PZT and a narrow notch will be obtained in each channel of the grating due to the intrinsic properties of the sampled FBG. Unlike the thermal method [1] , [2] , there is no influence of the temperature gradient and the thermal expansion. Moreover, tunability for the phase shift can easily be realized by adjusting the voltage applied on the PZT itself.
To confirm the proposal, we perform several tests for a phase-only sampled 51-channel FBG with one phase shift introduced by applying the voltage on a PZT. The grating strength is about 10 dB with a length of about 12 cm and the flat-top bandwidth is about 0.6 nm with an interchannel separation of 0.8 nm. Fig. 2 shows the reflection spectrum of five channels from 1551 nm to 1555 nm, where the applied voltage imposing on the PZT is 150 V. The generated notch in each channel has almost the same properties, i.e. the 3-dB bandwidth of the induced notch is about 0.028 nm (which may become narrower when the grating strength is larger) and the notch depth is about 8 dB. The left inset in Fig. 2 shows an overall profile of 51-channel reflection spectrum. The right inset shows the stability of the PZT-induced phase shift. The five-channel reflection has been scanned every other five minute five times and no wavelength and reflection shift can be seen. The amount of the PZT-induced phase shift can be easily controlled by changing the voltages imposed on the PZT as shown in Fig. 3 . It can be seen that the magnitude related to the induced phase amount increases in accordance with the increment of the applied voltage. Next, by utilizing the phase shifted phase-only sampled FBG described above, a SOA-based multiwavelength fiber ring laser is demonstrated. Fig. 4 shows the schematic diagram of the experimental setup [2] . A multi-channel filter is consisted of the two FBGs. Fig. 5 shows the 5-channel transmission of the filter with a bandwidth of about 0.027 nm and a height of about 8 dB. The inset in Fig. 5 shows the entire 51-channel transmission spectrum. The nonuniformity is less than 0.3 dB. The inset of the Fig. 6 shows the obtained multiwavelength laser with a 3-dB linewidth of 0.016 nm. The laser stability is also investigated. A laser is selected and scanned every other five minute five times as shown in Fig. 6 and no change for the lasing power and the peak wavelength can be found during the five measurements, which shows a good stability of the laser. 
III. CONCLUSIONS
In conclusion, a multi-channel filter formed by introducing a strain-induced phase shift into a phase only sampled FBG is demonstrated. Based on this filter, a SOA-based multiwavelength fiber laser has been successfully demonstrated.
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